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	Eustachian	tube	(ET)	dysfunction	can	be	divided	into	two	categories;	ET	dilatory	dysfunction	 (ETDD)	 and	 patulous	 Eustachian	 tube	 (pET).	 In	 most	 cases,	 the	pathology	 is	 located	 in	 the	 cartilaginous	 portion	 of	 the	 ET.	 The	 prevalence	 of	ETDD	has	 been	 reported	 to	 be	 roughly	 1%	 in	 the	 adult	 population	 [1].	 pET	 is	relatively	uncommon	ET	dysfunctional	finding	and	the	prevalence	is	not	known.			During	 the	 last	 decade,	 endoscopic	 surgery	 of	 the	 ET	 has	 increased	 for	 the	treatment	of	ETDD	and	pET.	 Initial	 results	of	 laser,	microdebrider	and	balloon	dilation	of	the	ET	have	been	encouraging	[2,	3,	4].	Also,	endoscopic	treatment	of	pET	has	been	introduced,	but	results	has	been	limited	[5].	Endoscopic	approach	to	the	ET	provides	a	good	view	of	the	local	pathology	and	anatomical	structures.		Before	the	era	of	endoscopic	ET	surgery,	more	robust	open	surgical	approaches	were	 used	 for	 ET	 disorders.	 Surgical	 outcomes	 were	 poor	 and	 complications	were	 severe,	 including	 internal	 carotid	 artery	 (ICA)	 injury	 with	 bleeding	 and	some	deaths	were	the	main	reasons	these	extensive	surgeries	were	abandoned	[6].		Eustachian	tube	dilation	and	pET	surgery	have	received	increasing	attention	as	safe	and	potentially	effective	surgical	options	 for	patients	with	ETDD	and	pET.	To	 prevent	 potential	 severe	 complications	 with	 these	 approaches,	 extensive	knowledge	 of	 the	 detailed	 anatomical	 relationships	 between	 the	 cartilaginous	ET	and	the	ICA	is	needed.	Previous	studies	of	this	anatomy	have	focused	on	the	ET	as	an	anatomical	landmark	for	the	ICA	in	skull	base	surgery	[7,8].	Abdel-Aziz	et	 al.	 evaluated	 the	 prevalence	 of	 Carotid	 canal	 dehiscence	 within	 the	 bony	portion	 of	 the	 ET	 [9].	 	 Bergin	 et	 al.	 measured	 the	 distance	 between	 the	
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cartilaginous	 ET	 and	 the	 ICA	 using	 CT	 scans	 [10].	 Measurements	 were	 taken	from	 the	 nasopharyngeal	 orifice	 of	 the	 ET	 to	 the	 ICA,	 but	 the	 surgically	important	distances	between	the	ET	and	the	ICA	that	decrease	with	progression	toward	the	isthmus	were	not	measured.					The	 present	 study	 was	 designed	 to	 establish	 the	 anatomical	 relationships	between	the	endoscopically	critical	area	along	the	full	length	of	the	cartilaginous	ET	 and	 its	 closest	 association	with	 the	 ICA.	 	 The	 surgeon’s	 knowledge	 of	 this	relationship	 is	 critically	 important	 for	 the	 avoidance	 of	 possibly	 severe	complications	in	endoscopic	ET	surgery.		
3	Material	and	Methods		
	Institutional	 review	 board	 approval	 was	 obtained	 from	 Tampere	 University	Hospital,	 Tampere,	 Finland.	 All	 patient	 data	 were	 acquired	 from	 Tampere	University	Hospital’s	medical	 records	database.	 In	 total,	 229	MRI	 images	were	evaluated,	in	129	cases	there	were	artefacts	or	the	resolution	of	the	image	was	insufficient	 for	 assessment.	 Finally,	 100	 cases	 were	 included	 and	 both	 sides	were	evaluated.			The	nasopharyngeal	orifice	of	the	ET	(Figure	1)	and	the	tympanic	orifice	of	the	bony	 ET	 (Figure	 2)	 were	marked	 in	 	 separate	 axial	 plane	MRI	 images.	 Multi-planar	 reconstructions	 (MPR)	were	made	 along	 the	 length	 of	 each	 ET	 (Figure	3A).	 	 A	 straight	 line	 between	 these	 orifices	 was	 marked	 to	 represent	 the	 ET	lumen	(Figure	3B).	The	images	were	then	rotated	parallel	to	the	line	(Figure	4)	to	form	sagittal	oblique	reconstruction	(MPR)	slices.	The	perpendicular	distance	
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mm	(standard	deviation	1.8	mm,	range	1.2	–	8.5	mm).	 	For	the	midpoint	of	the	cartilaginous	 Eustachian	 tube,	 distances	 B	 were,	 for	 the	 right	 ear,	 24.5	 mm	(standard	deviation	8.0	mm,	 range	13.8	–	59.1	mm),	and	 for	 left	 ear,	25.5	mm	(standard	 deviation	 10.0	 mm,	 range	 9.0	 –	 61.6	 mm).	 For	 the	 orifice	 of	 the	cartilaginous	Eustachian	tube	mean	distances	C	were,	for	the	right	ear,	61.9	mm	(standard	deviation	10.0	mm,	range	36.9	–	84.4	mm),	and	for	the	 left	ear,	61.9	mm	(standard	deviation	9.4	mm,	range	34.3	–	78.2	mm).			The	inter-rater	correlation	of	the	two	reviewers	was	evaluated	as	a	mean	of	the	difference	between	the	values	of	two	reviewers.	The	differences	of	the	means	in	measure	A	was	0.4	mm,	in	measure	B	2.1	mm	and	in	measure	C	1.1	mm.		
Table	1.	Average	distances	between	the	internal	Carotid	artery	and	the	cartilaginous	Eustachian	tube	at	A)	cartilaginous	and	bony	ET	junctional	point,	B)	mid	cartilaginous	ET	point	and	C)	the	nasopharyngeal	orifice	of	the	cartilaginous	ET.	





	Eustachian	 tube	 dilation,	 including	 balloon	 dilation,	 has	 received	 increasing	attention	 as	 a	 safe	 and	 potentially	 effective	 surgical	 option	 for	 patients	 with	Eustachian	 tube	 dilatory	 dysfunction.	 Surgical	 treatment	 for	 patulous	Eustachian	 tube	 has	 also	 received	 some	 attention,	 although	 results	 have	 been	modest	 [5].	 In	 both	 situations,	 the	 surgery	 has	 focused	 on	 the	 cartilaginous	portions	of	the	ET	and	especially	on	the	so-called	area	of	the	functional	“valve”.	Poe	et	al	have	proposed	that	in	diseases	of	the	ET,	the	main	focus	should	be	in	the	 functional	 valve	 area,	 located	 within	 the	 middle	 to	 upper	 portions	 of	 the	cartilaginous	ET	over	a	length	of	about	10-15	mm	[11].		To	 date,	 endoscopic	 approaches	 to	 the	 ET	 have	 been	 safe,	 but	 the	 close	anatomical	relationship	of	the	ICA	and	the	ET	should	be	understood,	particularly	when	surgical	procedures	may	be	carried	up	toward	the	isthmus	and	skull	base.	Severe	complication	including	cerebral	thrombosis	and	death	has	been	reported	in	 the	 past	 in	 the	 early	 experience	with	ET	 surgery	 [6].	 	 The	 close	 anatomical	relationship	of	these	two	structures	has	been	reviewed	in	previous	studies,	but	in	most	of	them	the	point	of	view	has	been	neurosurgical	relationships	with	the	bony	portion	of	the	ET.			Ozturk	 et	 al.	 used	 histologically	 prepared	 serial	 sections	 of	 temporal	 bones	 to	investigate	 the	 perpendicular	 relationship	 between	 the	 ET	 lumen	 and	 petrous	segment	of	 the	 ICA	 [7].	 In	a	 series	of	10	human	 temporal	bone	specimens,	 the	mean	distance	between	the	ET	and	the	ICA	for	the	junctional	point	was	2.5	mm,	but	the	range	in	this	small	series	was	relatively	large,	0.6-5.0	mm.	In	our	much	larger	 material	 including	 200	 measurements,	 the	 perpendicular	 distance	
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between	the	ET	and	the	ICA	at	the	junctional	point	was	4.3	mm	with	relatively	large	range	(2-10	mm).	It	seems	that	the	narrowest	distance	is	a	bit	longer	than	in	Ozturk	material,	but	 the	variation	between	patients	can	be	even	 larger	 than	Ozturk	material.	 This	 finding	 of	 the	 large	 anatomical	 variation	 underlines	 the	need	for	preoperative	imaging	and	evaluation	of	the	distance	of	the	ET	and	the	ICA.		Bergin	et	al.	measured	the	distance	of	the	ET	and	ICA	using	axial	CT	scans	rather	than	 MPR,	 which	 would	 provide	 the	 most	 accurate	 means	 for	 determining	minimal	distances	[10].	Measurements	were	taken	from	the	anterosuperior	ET	torus	 to	 the	 ICA	 from	 200	 patients.	 This	 study	 didn’t	 describe	 the	 association	between	the	ET	and	ICA	along	the	whole	distance	of	the	cartilaginous	ET.	Mean	distance	from	the	anterosuperior	ET	torus	to	the	ICA	was	23	mm.		Abdel-Aziz	et	al.	 examined	 the	 relationships	 between	 the	 ET	 and	 the	 bony	 canal	 of	 the	 ICA	from	 HR-CT	 scans	 of	 the	 temporal	 bone	 [9].	 There	 were	 284	 patients	 in	 the	study	and	 they	discovered	 carotid	 canal	dehiscence	 into	 the	ET	 in	6	%	of	284	patients.	 The	 anatomical	 relationship	 of	 the	 ICA	 and	 cartilaginous	 ET	was	 not	evaluated	in	their	study.		Liu	 et	 al.	 researched	 the	 relationship	 between	 the	 ET	 and	 ICA	 by	 dissecting	silicon-injected	 adult	 cadaveric	 heads	 using	 a	 lateral	 infratemporal	 fossa	approach	and	an	endoscopic	endonasal	approach	[8].	The	aim	of	their	study	was	to	establish	the	detailed	anatomic	relationships	between	the	ET	and	the	petrous	(bony)	 segment	 of	 the	 ICA.	 	 Their	 study	 focused	on	 the	 relationships	between	anatomical	 structures,	 including	 the	 ICA,	 with	 the	 ET	 during	 progressively	superior	 levels	 of	 surgical	 dissection.	 	 Quantitative	 measurements	 were	 not	made	 and	 the	 study	 focused	 on	 the	 bony	 portion	 of	 the	 ET	 more	 than	 the	cartilaginous	portion.		A	limitation	of	the	study	was	that	it	included	six	patients	
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	In	 patients	without	 congenital	 craniofacial	 anomalies,	 performance	 of	 surgical	treatment	near	 the	orifice	of	 the	cartilaginous	ET	 is	expected	 to	present	a	safe	distance	 from	 the	 ICA.	 The	 potential	 for	 complications	 increases	 while	progressing	superiorly	 towards	 the	cartilaginous	and	bony	ET	 junctional	point	because	 the	 ICA	 gets	 increasingly	 close	 to	 the	 ET.	 	 It	 then	 shares	 a	 bony	wall	within	the	temporal	bone	and	can	become	dehiscent	within	the	bony	portion	of	the	ET.			
Authors	have	no	potential	conflict	of	interest.		
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Figure	1.	Axial	MRI	image	of	the	cartilaginous	Eustachian	tube,	where	short	arrow	indicates	the	nasopharyngeal	orifice	of	the	cartilaginous	ET.	Long	arrow	indicates	the	posterior	end	of	the	inferior	turbinate	and	asterisk	point	the	nasal	septum.	
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Figure	2.	Axial	MRI	image	of	the	bony	Eustachian	tube,	where	short	arrow	shows	internal	carotid	artery,	long	arrow	shows	the	bony	lumen	of	the	ET,	and	an	asterisk	shows	the	external	auditory	canal.	
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Figure	3.	A)	The	nasopharyngeal	orifice	of	the	ET	(asterisk)	and	the	tympanic	orifice	of	the	bony	ET	(arrowhead)	were	marked	in	separate	axial	plane	MRI	images	and	multi-planar	reconstructions	(MPR)	were	made	along	the	length	of	ET.	Internal	carotid	artery	marked	with	the	short	arrow.	B)	A	straight	line	between	these	orifices	was	marked	to	represent	the	ET	lumen.	
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Figure	4.	The	images	were	then	rotated	parallel	to	the	line	(figure	3B)	to	form	sagittal	oblique	reconstruction	(MPR)	slices.	The	perpendicular	distance	(white	line,	5.3	mm	in	this	case)	between	the	line	representing	the	ET	lumen	(short	arrow),	and	the	ICA	(long	arrow)	were	measured	at	the	cartilaginous	and	bony	ET	junctional	point.	
